Both t h e r e l a t i v e l y small E x p l o r e r and t h e l a r g e O r b i t i n g Observatory c l a s s e s of s c i e n t i f i c s a t e l l i t e have advantages which need t o be considered c a r e f u l l y when a new space experiment is t o be performed. The small s a t e l l i t e o f f e r s g r e a t e r choice i n t a i l o r i n g t h e o r b i t t o t h e experiments.
The e a r t h s a t e l l i t e s p r e s e n t l y b e i n g used f o r space s c i e n c e i n v e s t ig a t i o n s can b e grouped i n t o two broad classes. t i v e l y small s a t e l l i t e t y p i f i e d by t h e E x p l o r e r series.
t h e E x p l o r e r , Vanguard, S o l a r R a d i a t i o n , I n j u n , T r a a c , S t a r a d , L o f t i , R a d o s , and I n t e r n a t i o n a l Program ( A r i e l , A l o u e t t e , and San Marco) s a t e l l i t e s .
The second c l a s s c o n s i s t s of t h e l a r g e r o b s e r v a t o r i e s , and i n c l u d e s t h e Orbicing S o l a r O b s e r v a t o r i e s (OSO) , O r b i t i n g Geophysical O b s e r v a t o r i e s (OGO) and O r b i t i n g Astronomical O b s e r v a t o r i e s (OAO). An Advanced O r b i t i n g S o l a r Observatory (AOSO? is a l s o b e i n g developed. The r e l a t i v e m e r i t s of t h e two c l a s s e s have been t h e s u b j e c t of many d e b a t e s . T h i s paper i s an
attempt t o summarize some of t h e more s i g n i f i c a n t advantages of each type.
The f i r s t i s t h e rela-I t i n c l u d e s An attempt t o e v a l u a t e t h e advantages of t h e two c l a s s e s i s espec i a l l y timely, s i n c e t h e second and t h i r d o b s e r v a t o r i e s (OGO-I and OSO-11) have been launched, and i t i s becoming p o s s i b l e t o d i s c u s s s t a t i s t i c a l l y
s i g n i f i c a n t a c t u a l experience and performance.
arguments, refezence w i l l be made t o s e v e r a l s p e c i f i c s a t e l l i t e s . The I n t e r p l a n e t a r y Monitoring P l a t f o r m (IMP-I, 1 3 6 3 -4 6~, o r E x p l o r e r XVIII)
t y p i f i e s t h e small Explorer c l a s s s a t e l l i t e b u i l t w i t h i n a NASA l a b o r a t o r y .

A s a t e l l i t e b u i l t a t another government l a b o r a t o r y i s t y p i f i e d by t h e Naval
Research Laboratory S o l a r R a d i a t i o n s a t e l l i t e ( 1964-01D).
of Iowa I n j u n s e r i e s is t h e only p r e s e n t l y e x i s t i n g s a t e l l i t e series b u i l t
T o i l l u s t r a t e some of t h e
The U n i v e r s i t y e n t i r e l y a t a u n i v e r s i t y l a b o r a t o r y , and w i l l be r e p r e s e n t e d by I n j u n IV C 1964-76B). The o b s e r v a t o r y c l a s s w i l l be i l l u s t r a t e d by OGO-I (1964-54A) .
EEIGHT AND VOLUME CAPABILITY
The E x p l o r e r c l a s s s a t e l l i t e weights have ranged from 7 kg f o r t h e a h o s p h e r i c d r a g b a l l o o n ( E x p l o r e r IX) t o 14 kg f o r t h e e a r l y e n e r g e t i c p a r t i c l e s E x p l o r e r s , t o 184 kg f o r the Atmospheric S t r u c t u r e s E x p l o r e r
XVII.
The o b s e r v a t o r y weights have ranged from 208 kg f o r OSO-I t o 488 kg f o r O G 3 -I .
been t h e primary l i m i t i n g f a c t o r when choosing t h e experiments f o r each s p a c e c r a f t mission because of launch v e h i c l e l i m i t a t i o n . c a r r y i n g c a p a b i l i t y of t h e o b s e r v a t o r i e s becomes e s p e c i a l l y s i g n i f i c a n t :
Only t h r e e have weighed more than 120 kg as i s shown i n f i g u r e 1.
The f i r s t OAO w i l l weigh about 1600 kg. Weight has h i s t o r i c a l l y
The l a r g e weight 1.
i f i n d i v i d u a l experiments are v e r y heavy
i f it i s n e c e s s a r y t o conduct a l a r g e number of e x p e r iments a t t h e same p o s i t i o n i n space a t t h e same time t o c o r r e l a t e v a r i o u s space phenomena.
Volume f o r experiments has always been secondary i n importance, and w i l l probably c o n t i n u e t o be so, except f o r experiments r e q u i r i n g l a r g e o p t i c a l systems o r a p e r t u r e s . Presumably, t h e s e l a r g e o p t i c a l , n e a r o p t i c a l , and r a d i o astronomy experiments can be performed only on t h e l a r g e r o b s e r v a t o r i e s .
On t h e o t h e r hand, l a r g e weight and volume may be a l i a b i l i t y f o r some experiments.
t i c l e s , t h e l a r g e mass of an observatory can c r e a t e an unacceptable background f l u x of secondary p a r t i c l e s . A l a r g e volume may complicate t h e o u t g a s s i n g problem, c a u s i n g a l o c a l contamination f o r atmospheric and ionospheric experiments.
When s e a r c h i n g for r e l a t i v e l y r a r e elementary p a r -
ATTITUDE CONTROL
Numerous experiments r e q u i r e some form of a t t i t u d e c o n t r o l . Some of t h e s e requirements can be m e t on b o t h s m a l l and l a r g e s p a c e c r a f t , w h i l e o t h e r s are more f e a s i b l e w i t h one c l a s s o r t h e o t h e r .
There are many p o s s i b l e types of a t t i t u d e c o n t r o l , each having i n t e r e s t f o r c e r t a i n c l a s s e s of experiments.
1. Non-oriented and random o r i e n t a t i o n . Some experiments a r e intended t o observe an i s o t r o p i c f i e l d , and t h e r e f o r e r e q u i r e no o r i e n t at i o n . I t is p o s s i b l e t o perform some measurements of a n o n -i s o t r o p i c f i e l d i f t h e instantaneous o r i e n t a t i o n of t h e non-oriented s p a c e c r a f t i s known. Other experiments may a c t u a l l y p r e f e r a random tumble t o o b t a i n d a t a s t a t i s t i c a l l y i n t e g r a t e d over t h e e n t i r e sphere. These missions a r e best performed by s m a l l s a t e l l i t e s , s i n c e a l l sets of experiments flown on l a r g e r o b s e r v a t o r i e s w i l l almost a l w a y s c o n t a i n s u b -s e t s which r e q u i r e o r i e n t a t ion. I n a d d i t i o n t h e problems of providing adequate s o l a r power and a c q u i r i n g d a t a telernetered t o t h e e a r t h from tumbling s p a c e c r a f t would be more s e r i o u s f o r t h e l a r g e r o b s e r v a t o r i e s , where h i g h e r c a p a c i t y d a t a systems are normally employed.
2 . S p i n o r i e n t a t i o n . Spin o r i e n t a t i o n i s acceptable o r p r e f e r a b l e for many experiments, and is easy t o achieve f o r s m a l l s a t e il i t e s , s i n c e n o s t of t h e smaller unguided f i n a l rocket s t a g e s r e q u i r e as demonstrated by t h e a c t u a l o p e r a t i o n of OGO-I. Observatories can be made t o s p i n s a t i s f a c t o r i l y 3. E a r t h o r i e n t a t i o n . E a r t h o r i e n t a t i o n is d e s i r e d f o r many s p a c e c r a f t t o permit u s e of h i g h g a i n a n t e n n a s f o r h i g h c a p a c i t y d a t a t r a n s m i s s i o n ; and some experiments r e q u i r e e a r t h O r i e n t a t i o n ( e i t h e r toward o r away from t h e e a r t h ) . Some t e c h n i q u e s , such as g r a v i t y g r a d i e n t s t a b i l i z a t i o n , can be used on e i t h e r l a r g e o r small s a t e l l i t e s .
O t h e r s , such as t h e use of horizon scanners and a c t i v e t o r q u e r s of v a r i o u s t y p e s , r e q u i r e use of t h e l a r g e r o b s e r v a t o r i e s because of t h e i r complexity. T h i s r e s u l t s from t h e f a c t t h a t a c t i v e a t t i t u d e c o n t r o l system weights do n o t , i n g e n e r a l , s c a l e l i n e a r l y w i t h t o t a l s p a c e c r a f t w e i g h t s . The s m a l l e s t a c t i v e e a r t h o r i e n t a t i o n system has a weight which i s t o o l a r g e f o r t h e smaller s a t e l l i t e s .
4. M a m e t i c f i e l d o r i e n t a t i o n . Alignment of s e n s o r s a t an a n g l e f i x e d r e l a t i v e t o t h e l o c a l magnetic f i e l d i s d e s i r a b l e f o r c e r t a i n c l a s s e s of experiments designed tu i n v e s t i g a t e the low energy p a r t i c l e s whose motions are c o n t r o l l e d by t h e e a r t h ' s magnetic f i e l d .
Such experiments can be performed near t h e e a r t h most e a s i l y on s m a l l s a t e l l i t e s , s i n c e t h e c o n t r o l l i n g torques a r e s m a l l and can be produced d i r e c t l y by t h e magnetic f i e l d , 3s was done on t h e Znjun s a t e l l i t e s .
I f experiments of t h i s type a r e t o be performed a t higher a l t i t u d e s , where t h e e a r t h ' s f i e l d i s weaker, a c t i v e a t t i t u d e c o n t r o l systems u s i n g s e n s it i v e magnetic f i e l d s e n s o r s and a c t i v e t o r q u i n g d e v i c e s would Alrcess a r y . The a c t i v e system would probably r e q u i r e a l a r g e r s a t e l l i t e .
A c t u a l l y , t h e s e experiments can be performed a t t h e c o s t of somewhat i n c r e a s e d i n s t r u m e n t a t i o n and d a t a p r o c e s s i n g complexity, by a p p r o p r i a t e sampling of scanning d e t e c t o r s , i f t h e d i r e c t i o n of t h e f i e l d i s measured c o n c u r r e n t l y .
. d e s i r a b l e f o r experiments which i n v e s t i g a t e p a r t i c l e s whose v e l o c i t i e s are lower t h a n o r comparable w i t h t h a t of t h e s p a c e c r a f t . Of c o u r s e ,
some of t h e s e experiments can be performed on spinning s a t e l l i t e s of a l l s i z e s b y t h e use of a p p r o p r i a t e t i m e sampling techniques But continuous o r i e n t a t i o n of t h e s e n s o r s along t h e s a t e l l i t e v e l o c i t y v e c t o r or i n t h e o r b i t a l plane r e q u i r e s t h e u s e of an a c t i v e o r i e n t at i o n s y s t e m i n a l a r g e r s a t e l l i t e .
. Sun o r i e n t a t i o n . Sun o r i e n t a t i o n i s d e s i r a b l e t o s i m p l i f y t h e c o l l e c t i o n of s o l a r energy by s o l a r c e l l s o r r e f l e c t o r s , and many experiments r e q u i r e s o l a r o r i e n t a t i o n . A few s o l a r o r i e n t a t i o n systems ,
such as a torqued s p i n a x i s s y s t e m , are s u i t a b l e f o r use on small s a t e ll i t e s . And some s o l a r experiments can be performed by c a r e f u l timing of t h e observations from a spinning s a t e l l i t e . I t i s l i k e l y , however, t h a t s o l a r experiments r e q u i r i n g medium t o high p o i n t i n g accuracy o r s o l a r d i s c scanning w i l l continue t o be located on t h e l a r g e r o b s e r v a t o r i e s t o t a k e advantage of t h e i r higher c a p a b i l i t y o r i e n t a t i o n s y s t e m .
7 . Celestial i n e r t i a l o r i e n t a t i o n .
Many astronomical e x p e r iments r e q u i r e o r i e n t a t i o n toward a f i x e d p o i n t on t h e c e l e s t i a l s p h e r e , and a c a p a b i l i t y f o r moving t o a new point between o b s e r v a t i o n s .
s t a b i l i z e d s m a l l s a t e l l i t e s a r e acceptable f o r some experiments r e q u i r i n g low p o i n t i n g accuracy, for example, gamma r a y astronomy, where t h e sources a r e v e r y weak and i n t e g r a t i o n over a l a r g e s o l i d angle i s necessary. Most of t h e s e experiments, however, r e q u i r e an a c t i v e o r i e n t a t i o n s y s t e m and, t h e r e f o r e , t h e l a r g e r o b s e r v a t o r i e s .
Spin
Combinations of s e v e r a l d i f f e r e n t o r i e n t a t i o n schemes l e a d ,
The OS0 i s s p i n i n g e n e r a l , t o g r e a t e r complexity and l a r g e r s p a c e c r a f t .
and sun o r i e n t e d . The OGO employs e a r t h , s u n , and o r b i t p l a n e o r i e n t at i o n , w h i l e OAO w i l l c o n t a i n a highly a c c u r a t e d i r e c t a b l e c e l e s t i a l i n e r t i a l system and a low accuracy sun o r i e n t a t i o n system.
I n summary, p a s s i v e o r i e n t a t i o n techniques a r e u s e f u l on small s a t e l l i t e s , and some of them a r e b e t t e r s u i t e d t o small s a t e l l i t e s t h a n l a r g e ones.
f o r u s e on s m a l l s a t e l l i t e s .
n e t i c f i e l d o r i e n t a t i o n s y s t e m on Injun.
system r e q u i r e s t h e u s e of l a r g e r o b s e r v a t o r i e s .
DATA HANDLING, STORAGE. AND TELEMETRY
A few simple a c t i v e systems a r e being used o r considered
For example, Iowa has used an a c t i v e mag-
Any b u t t h e s i m p l e s t a c t i v e
As i n t h e case of t h e a c t i v e a t t i t u d e c o n t r o l systems, d a t a h a n d l i n g , s t o r a g e , and t e l e m e t r y systems d o not s c a l e l i n e a r l y w i t h s p a c e c r a f t weight
Doubling t h e number of t i m e m u l t i p l e x e r i n p u t s , f o r example, r e q u i r e s o n l y one a d d i t i o n a l s t a g e i n t h e m d l t i p l e x e r c o u n t e r . I n a d d i t i o n , t h e capab i l i t y of e l e c t r o n i c s equipment i n c r e a s e s roughly w i t h volume, o r t h e cube of l i n e a r dimensions, while the c o n t a i n e r and o t h e r s t r u c t u r a l weight i n c r e a s e s more n e a r l y as t h e s u r f a c e a r e a , o r t h e s q u a r e of l i n e a r dimens i o n s . T h e r e f o r e , doubling t h e d a t a handling system weight permits more than doubling t h e number of f u n c t i o n a l c i r c u i t s . For t h e s e r e a s o n s , t h e c a p a b i l i t y of t h e d a t a system p e r pound of experiments t e n d s t o be l a r g e r f o r l a r g e r s p a c e c r a f t .
Experiments i n space a r e designed t o measure f i e l d s which may be f u n c t i o n s of ti= and p o s i t i o n from a l o c a t i o n which i s , i n t u r n , moving.
The a b i l i t y t o make a meaningful mapping of t h a t f i e l d depends almost
I e n t i r e l y on t h e information bandwidth, assuming t h a t adequate freedom i n s e l e c t i o n of sampling formats and t i m e s e x i s t . With p r e s e n t d a t a systems, t h i s freedom u s u a l l y e x i s t s i n both l a r g e and s m a l l s a t e l l i t e s .
To i l l u s t r a t e , f i g u r e 2 shows t h e t e l e m e t r y format f o r IMP-I and f i g u r e 3 ;,hows t h e format f o r t h e main commutator i n OG0'-I. Table 1 i s a t a b u l a t i o n of t h e bandwidth p e r experiment and bandwidth p e r u n i t experiment weight for s e v e r a l r e p r e s e n t a t i v e s a t e l l i t e s I t can be seen t h a t , from t h e s t a n d p o i n t of t h e d a t a system a l o n e , i t i s p r e s e n t l y p o s s i b l e t o perform a more comprekecsivs and d e t a i l e d mapping of a p r a p e r t y of spsce on t h e l a r g e r s p a c e c r a f t .
POWER
The t o t a l amomt of s o l a r power obtained on a s a t e l l i t e i s n o t a s t r o n g function o f s a t e l l i t e s i z e . Power a v a i l a b l e from an a r r a y i s v e r y n e a r l y a l i n e a r f u n c t i o n of both a r r a y area and weight.
s a t e l l i t e s r e q u i r e more area t o o b t a i n a given power because t h e s-m does not always i l l u m i n a t e t h e a r r a y normally On t h e o t h e r hand, t h e l a r g e a c t i v e l y o r i e n t e d s a t e l l i t e s r e q u i r e e l e c t r i c a l power t o keep t h e arrays .. Table I1 shows t h e power a v a i l a b l e t o e x p e r iments i n t h e f o u r r e p r e s e n t a t i v e s p a c e c r a f t .
Since power f o r long p e r i o d s of o p e r a t i o n has always been expens i v e i n terms of s p a c e c r a f t weight, c o n s i d e r a b l e e f f o r t has been expended t o design e l e c t r o n i c c i r c u i t s t o o p e r a t e on v e r y low power. The same iechniques have been employed on s a t e l l i t e s of a l l s i z e s .
TABLE 21
Experiment Power on R e p r e s e n t a t i v e S p a c e c r a f t 
INTERFERENCE TO ELDERTMENTS
Many experiments a r e s u s c e p t i b l e t o i n t e r f e r e n c e from o t h e r e x p e r iments and from t h e s p a c e c r a f t . T h i s i n c l u d e s i n t e r f e r e n c e i n many forms, such as e l e c t r i c a l i n t e r f e r e n c e from o s c i l l a t i o n s and t r a n s i e n t s i n operating systems, magnetic i n t e r f e r e n c e from ferromagnetic materials and e l e c t r i c a l c u r r e n t loops, mechanical i n t e r f e r e n c e from moving nzasses, r a d i o a c t i v e i n t e r f e r e n c e from c a l i b r a t i n g s o u r c e s , p a r t i c l e i n t e r f e r e n c e from secondary i n t e r a c t i o n s of cosmic r a y s i n t h e mass of t h e s p a c e c r a f t , and i n t e r f e r e n c e from t h e g a s e s released from t h e s p a c e c r a f t . Obviously, t h e smaller t h e s p a c e c r a f t and t h e fewer t h e experiments, t h e more manageable i s t h e i n t e r f e r e n c e problem. I n t e r f e r e n c e i s combated on t h e l a r g e r o b s e r v a t o r i e s where many d i v e r s e experiments are c a r r i e
d by t h e u s e of booms t o i s o l a t e d e t e c t o r s from t h e rest of t h e o b s e r v a t o r y ,
and by c a r e f u l i n t e r f e r e n c e engineering and c o n t r o l . With g r e a t care, t h e i n t e r f e r e n c e l e v e l s on t h e l a r g e r o b s e r v a t o r i e s c a n be made accepta b l e f o r a l a r g e number of experiments. Some of t h e most s e n s i t i v e ones, however, may have t o be performed on s p e c i a l s m a l l s a t e l l i t e s .
PROGRAM COORDINATION AND EASE OF INTEGRATION
Small s a t e l l i t e s are p r e s e n t l y e a s i e r t o c o o r d i n a t e and i n t e g r a t e , p r i m a r i l y because of t h e smaller number of i n d i v i d u a l s involved. The amount of t h i s e f f o r t which experimenters are obliged t o perform v a r i e s c o n s i d e r a b l y , and i s influenced s t r o n g l y by t h e q u a l i t y of t h e d e s i g n and s p e c i f i c a t i o n of t h e e l e c t r i c a l , mechanical, and thermal i n t e r f a c e s between t h e experiments and s p a c e c r a f t . f a c e s between t h e o p e r a t i o n s and d a t a processing groups and t h e e x p e r imenters. S t a n d a r d i z a t i o n and c a r e f u l s p e c i f i c a t i o n of t h e s e i n t e r f a c e s b e f o r e experiment d e s i g n begins g r e a t l y s i m p l i f i e s t h e c o o r d i n a t i o n , i n t e g r a t i o n , and o p e r a t i o n s e f f o r t s . I n p r i n c i p l e , t h e s t a n d a r d observat o r y concept could lead t o a s i g n i f i c a n t r e d u c t i o n i n t h e l i a i s o n r e q u i r ements, s i n c e t h e same observatory and o p e r a t i o n a l systems are used rep e a t e d l y , p e r m i t t i n g c a r e f u l s p e c i f i c a t i o n and development of f a m i l i a r i t y w i t h t h e system by t h e experimenters. The smaller s p a c e c r a f t are unable t o achieve t h i s goal because of t h e continuing p r e s s u r e t o s p e c i a l i z e t h e I t i s a l s o a f f e c t e d by t h e i n t e r -s p a c e c r a f t t o b e t t e r meet t h e needs of t h e experiments. I t i s common on these s p a c e c r a f t t o d e s i g n t h e experiments, s p a c e c r a f t , and d a t a
processing systems c o n c u r r e n t l y , so t h a t t h e i n t e r f a c e s evolve i n t h e process of t h e work. T h i s l e a d s t o a s i g n i f i c a n t amount of a d d i t i o n a l l i a i s o n e f f o r t .
This advantage of t h e l a r g e r o b s e r v a t o r i e s i s more o r less o f f s e t by t h e f a c t t h a t t h e y involve much l a r g e r numbers of personnel. T h i s tends t o lead toward a breakdown of t h e p e r s o n a l working r e l a t i o n s h i p s and a g r e a t e r f o r m a l i z a t i o n of t h e l i a i s o n . R e a l i z a t i o n of t h e advantage o u t l i n e d above f o r t h e o b s e r v a t o r i e s depends on t h e degree t o which a p e r s o n a l , informal working r e l a t i o n s h i p can be e s t a b l i s h e d between t h e experimenters and i n t e g r a t i o n and o p e r a t i o n s groups, while maintaining t h e coordination necessary t o ensure t h a t t h e s c i e n t i f i c o b j e c t i v e s of
any one experiment a r e not jeopardized by o t h e r experiments o r t h e s p a c e c r a f t .
The degree of involvement of t h e experimenter can l i e anywhere between two extremes. I n t h e f i r s t , t h a t of an experimenter who comp l e t e l y d e s i g n s , b u i l d s , t e s t s , i n t e g r a t e s , and launches h i s own e x p e r iments, t h e s e e f f o r t s are performed w i t h i n h i s own o r g a n i z a t i o n by personnel under h i s d i r e c t c o n t r o l . T h i s c o n d i t i o n i s approached i n t h e conduct of many b a l l o o n and sounding rocket programs. I n t h e o t h e r extreme, t h e experimenter d e s i g n s h i s experiment according t o a c a r e f u l l y w r i t t e n s e t of i n t e r f a c e s p e c i f i c a t i o n s , d e l i v e r s i t t o an i n t e g r a t i o n crew a t a c e n t r a l l a b o r a t o r y , and appears t h e r e o c c a s i o n a l l y t o check t h e c a l i b r at i o n . Operation a f t e r t h e launch can b e d i v i d e d i n t o t w o s i m i l a r extremes.
I n t h e former, t h e experimenter o p e r a t e s h i s own r e c e i v e r s and o t h e r ground equipment and carries h i s f l i g h t r e c o r d s t o h i s own a n a l y s i s group
( o r analyzes t h e n c o q l e t e l y himself). I n t h e l a t t e r , a ground system
i s e s t a b l i s h e d and operated by a central l a b o r a t o r y , and t h e raw d a t a are d e l i v e r e d t o t h e experimenters i n d i r e c t l y u s a b l e form.
Most a c t u a l s a t e l l i t e programs f a l l somewhere between t h e s e two extremes, and a c o n s i d e r a b l e amount of l i a i s o n between the experimenters and o t h e r groups i s necessary.
v a r i o u s experimenters depends t o some e x t e n t on those i n d i v i d u a l s ' pers o n a l i t i e s and t h e e x t e n t of t h e i r other r e s p o n s i b i l i t i e s . Advantages are o f t e n c i t e d f o r both extremes. The advocates of t h e completely s e l f -
contained o p e r a t i o n f e e l t h a t they can d i r e c t l y i n f l u e n c e a l l a s p e c t s of t h e p r o j e c t , and are less s u b j e c t t o t h e whims and shortcomings of a l a r g e number of s t r a n g e r s o r near s t r a n g e r s .
I n a d d i t i o n , many of t h e experimenters l o c a t e d a t u n i v e r s i t i e s f e e l i t d e s i r a b l e t o have t h e i r s t u d e n t s become i n t i m a t e l y f a m i l i a r by d i r e c t experience w i t h many d i f f e r e c t a s p e c t s of t h e i r projects, i n c l u d i n g t h e pre-launch i n t e g r a t i o n and t e s t i n g and i n -f l i g h t operations.
The arrangement which i s p r e f e r r e d by
The advocates of t h e c e n t r a l i n t e g r a t i o n , t e s t i n g , launching, and o p e r a t i o n s f a c i l i t y , f e e l t h a t they have more time for t h e i r primary i n t e r e s t , t h e development of new experiments and a n a l y s i s of t h e i r d a t a .
They f e e l t h a t they are a b l e t o conduct a l a r g e r number of experiments and d e r i v e more r e s u l t s p e r u n i t time t h a n experimenters who concern themselves w i t h a l l of t h e t e c h n i c a l d e t a i l s of t h e s p a c e c r a f t subsystems, ground r e c e i v i n g s t a t i o n s , e t c . Since t h e s e two d i f f e r e n t approaches s t e m from s t r o n g l y f e l t genuine d i f f e r e n c e s of opinion on t h e p a r t s of t h e memhers of t h e s c i e n t i f i c community, i t i s d o u b t f u l whether a s i n g l e method O € o p e r a t i n g s a t e l l i t e programs can o r should e v e r be found. s e n t l y t h e r e seems t o be a continued acceptance of both g e n e r a l methods o f o p e r a t i o n as evidencaj by t h e r e c e n t approval of t h e u n i v e r s i t y small s a t e l l i t e program on t h e one hand and t h e continued scheduling of t h e l a r g e o b s e r v a t o r i e s on t h ? o t h s r .
ORBITAL REQUIRENENTS Pre-
The s m a l l s a t e l l i t e o f f e r s a d e f i n i t e advantage i n meeting t h e r e -
quirements of t h e experiments f o r s p e c i f i c i n d i v i d u a l o r b i t s . A s a t e ll i t e containing a s i n g l e experiment can be launched i n t o an optimum o r b i t f o r t h a t experiment.
A l a r g e observatory c a r r y i n g many e x p e r iments must be launched i n t o an o r b i t which b e s t meets the needs of as many experiments as p o s s i b l e . I t w i l l , i n g e n e r a l , bE optimum f o r less t h a n the e n t i r e s e t of experiments. I n t h e l i m i t , as t h e riumber of s p a c e c r a f t per year became very l a r g e , t h i s d i s t i n c t i o n would d i s a p p e a r , s i n c e large numbers of experiments would r e q u i r e t h e same o r b i t .
It i s doubtful whether t h i s c o n d i t i o n w i l l ever be reached. I t i s t r u e ,
however, t h a t t h e r c are now s u f f i c i e n t l y l a r g e numbers of experiments r e q u i r i n g roughly similar o r b i t s t o j u s t i f y t h e use of multi-experiment o b s e r v a t o r i e s . 3 u t i t i s a l s o t r u e t h a t small s a t e l l i t e s a r e necessary f o r some experiments r e q u i r i n g s p e c i a l i z e d o r b i t s .
UTILIZATION OF GROUND FACILITIES
The ground f a c i l i t i e s , including t r a c k i n g and d a t a a c q u i s i t i o n stations, c o n t r o l c e n t e r s , o r b i t a l computation f a c i l i t i e s , and conrmunic a t i o n s and d a t a r e l a y l i n k s s a n be used more e f f i c i e n t l y f o r l a r g e r o b s e r v a t o r i e s .
t o a c q u i r e d a t a from a number of small satellites t h a n from a single l a r g e one c o n t a i n i n g t h e same experiments.
and o r b i t computation. I n f a c t , i t may be e a s i e r t o compute an a c c u r a t e o r b i t f o r a s i n g l e l a r g e s a t e l l i t e than f o r a s i n g l e small one, s i n c e t h e l a r g e one can i n c l u d e h i g h e r powered and h i g h e r performance t r a c k i n g beacons and t r a n s p o n d e r s . The c o n t r o l c e n t e r and communications l i n k s can be o p e r a t e d for a l a r g e observatory w i t h less e x p e n d i t u r e of r e s o u r c e s t h a n f o r an e q u i v a l e n t number of small s a t e l l i t e s , assuming t h e y have comparable connnand and other o p e r a t i o n a l c a p a b i l i t i e s .
It r e q u i r e s considerably more equipment and personnel
The same h o l d s f o r t r a c k i n g
The d a t a p r o c e s s i n g f a c i l i t y u t i l i z a t i o n is not q u i t e as s t r a i g h t -
forward. I t may be argued t h a t t h e d a t a p r o c e s s i n g rate would depend o n l y on t h e t e l e m e t e r e d b i t r a t e , i n which c a s e a ranking i n terms of s a t e l l i t e c l a s s would not be meaningful. But t h i s n e g l e c t s e d i t i n g , t a p e e v a l u a t i o n , and computer loading times, which a r e more n e a r l y
p r o p o r t i o n a l t o t h e number of d a t a a c q u i s i t i o n s t a t i o n r e c o r d i n g s than t o t h e number of t e l e m e t e r e d d a t a b i t s . T h e r e f o r e , t h e o b s e r v a t o r i e s w i t h
t h e i r high d a t a rates a l s o o f f e r an advantage i n t h e u t i l i z a t i o n of t h e d a t a p r o c e s s i n g f a c i l i t i e s .
RELIABILITY
The e l e c t r o n i c subsystems complexity is higher f o r l a r g e observat o r i e s than f o r small s a t e l l i t e s . Thus, i t might seem t h a t a s m a l l s a t e l l i t e would o p e r a t e longer t h a n an o b s e r v a t o r y . And i t might appear l i k e l y t h a t more d a t a would be obtained b e f o r e f a i l u r e from a number of s m a l l s a t e l l i t e s than from t h e same number of experiments i n an observatcry. T h i s seeming advantage of t h e small s a t e l l i t e s i s o f f s e t by s e v e r a l factors.
1. The more complex observatory subsystems can be d i v i d e d i z r s 2;::;aZly o r cornpletely redundant subsystems, such t h a t a l a r g e f r a c t i o n of t h e g o a l s can be achieved even i f a number of f a i l u r e s occurs.
2 . A l a r g e r observatory can c a r r y a l a r g e c a p a b i l i t y command system, allowing tk.e c o r r e c t i o n of many problems as they occur.
.
Since an observatory is not t a i l o r e d t o each load of experiments t o as l a r g e a degree as the s m a l l s a t e l l i t e s , i t s subsystems can be used r e p e a t e d l y without ess2nt i a l m o d i f i c a t i o n . The r e l i a b i l i t y of a system i n c r e a s e s as i t evolves through a long use h i s t o r y , as weakn e s s s s are c o r r e c t e d and a s production, t e s t i n g , and o p e r a t i o n a l personnel become more f a m i l i a r w i t h i t .
&. S i n c e t h e observatory s y s t e m s a r e designed f o r repeated u s e , more e f f o r t can be expended p e r u n i t complexity i n t h e i r development.
These f a c t o r s a c t i n s u c h a manner t h a t t h e r e i s no c l e a r -c u t r e l i a b i l i t y d i f l e r e n -e a t p r e s e n t between i n d i v i d u a l small and l a r g e o b s e r v a t o i i e s . There i s some i n d i c a t i o n , however, t h a t t h e o b s e r v a t o r i e s may emerge as t h e mors r e l i a b l e of t h e two. This i s based p r i r n a r i l y on a comparison of OGO-I w i t h t h e Explorer s a t e l l i t e s . Table I11 l i s t s t h e comparative r e l i a b i l i t y d a t a f o r OW-I and Explorer X I 1 whose performance is t y p i c a l of t h e small s a t e l l i t e c l a s s . Table I11 R e l i a b i l i t y Comparison
No of Equivalent P a r t s S a L e l l i t e E xc lud i n g I nc lud ing I d e n t i f i c a t I n Table 111 , t h e e q u i v a l e n t number of p a r t s r e p r e s e n t s a p a r t s count which has been a d j u s t e d f o r redundancy. Useful l i f e r e p r e s e n t s t h e t i m e period w i t h i n which t h e s a t e l l i t e s have provided s i g n i f i c a n t s c i e nt i f i c information. I t is i n t e r e s t i n g t o note t h a t OGO-I h a s experienced f a i l u r e of two booms t o deploy, f a i l u r e t o t r a c k t h e e a r t h and sun 5e-cause of t h e boom f a i l u r e , f a i l u r e of one of t h e two d a t a handling systems, and c e s s a t i o n of o s c i l l a t i o n o f an i n v e r t e r (subsequently res t a r t e d ) , but t h a t i t continues t o r e t u r n l a r g e volumes of s c i e n t i f i c a l l y s i g n i f i c a n t d a t a .
system redundancy and t o t h e use of t h e high c a p a c i t y r a d i o comand s y s t e m which has permitted a t least p a r t i a l compensation f o r many of t h e f a i l u r e s .
T h i s i s a t t r i b u t e d d i r e c t l y t o t h e l a r g e amount of
CONCLUSIONS
The d i s c u s s i o n s above have i n d i c a t e d t h a t each of t h e two main
c l a s s e s of s c i e n t i f i c e a r t h s a t e l l i t e s has d i s t i n c t advantages. These a r e summarized i n Table IV . A cross i n one column i n d i c a t e s t h a t t h a t s a t e l l i t e c l a s s g e n e r a l l y has an advantage i n t h e c a t e g o r y l i s t e d . Where n e i t h e r c l a s s has a c l e a r advantage, a dash i s shown. Question marks i n d ic a t e t h a t i n s u f f i c i e n t information e x i s t s t o p r o p e r l y e v a l u a t e t h e category. some experiment numbers indicates whether the analog or digital
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